Introduction
Potentiometric ion sensors (ion-selective electrodes, ISEs) are used routinely in clinical diagnostics for determination of electrolytes in biological fluids, e.g. bood plasma [1] . For the detection of biomolecules, potentiometric biosensors have been studied and used despite their greater complexity compared to ISEs [2] [3] [4] . In samples such as blood serum or urine, the sensors are exposed to a relatively complex sample matrix. Non-specific adsorption of e.g. blood plasma
proteins and lipids at the sensor surface may lead to alteration of the sensor signal, leading to unreliable determination of the analyte [5] [6] [7] . The effect of such biofouling may be diminished by Page 
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A c c e p t e d M a n u s c r i p t 3 deliberate immobilization of biomolecules at the surface of the sensor, prior to the actual determination. Irreversible adsorption of BSA at an ion-selective membrane was confirmed by means of in-situ potentiometry and ellipsometry. As the conclusion, it was suggested that a sensor must be equilibrated with the sample to avoid adsorption-related potential changes during the measurements [8] . However, introduction of biomolecules in potentiometric ion sensors may influence the analytical signal via e.g. metal binding by biomolecules such as proteins, which have been shown to influence the extent of released metals from various metal surfaces under biological conditions [9, 10] . Furthermore, ISEs have been used to study their interactions with proteins and the binding mechanism of halide ions to bovine serum albumin (BSA) and hemoglobin [11, 12] .
The potentiometric response and protein adsorption at the ion-selective membrane (ISM) of ISEs have been previously studied [8, 13, 14] . The most commonly used method to immobilize biomolecules is via physisorption. In this process, electrostatic and Van der Waals interactions between the interface and the biomolecule lead to biomolecule adsorption at the liquid-solid interface [15] . For example, the isoelectric point of BSA is 4.7, which means that in phosphate-buffered saline (PBS at pH 7.4) the protein carries a negative charge. The negatively charged protein easily adsorbs on positively charged surfaces [8] . Another way to immobilize biomolecules at the interfaces is by covalent immobilization, where by chemical synthesis/modification the protein/biomolecule is chemically fixed onto the base material [13, 16] . A third immobilization procedure is electrochemical deposition. In this process, the immobilization may occur only on conducting surfaces (e.g. conducting polymers) by applying a positive or negative potential that will attract the biomolecules to the surface. Depending on the size of the biomolecules and the porosity of the electrode material, the biomolecules may deposit on the electrode surface and also enter into the bulk of the electrode material [17] . Additionally, a target biomolecule (template) may be immobilized at the interface and in the bulk of the material via chemical (or electrochemical) polymerization forming a polymer network with binding sites for a specific biomolecule (molecular imprinting) [14, 18, 19] .
Introducing a metal complexing agent into the solid contact of the ISE or into the conditioning solution, has been used to extend and recover (maintain) the Nernstian response of the ISE at low analyte concentrations [19] [20] [21] . In one of the approaches, it was demonstrated that by conditioning of Pb 2+ -ISEs in a solution containing EDTA as the complexing agent (EDTA A c c e p t e d M a n u s c r i p t 4 complexed Pb 2+ released from the ion-selective membrane in the vicinity of the sensor surface) a novel analytical protocol for ion determination including recovery of the low detection limit was developed [20] . Such protocols, however, consisted only of a small fraction of the widely investigated research area devoted to pushing the lower detection limits of potentiometric ion sensors [22] [23] [24] [25] [26] [27] [28] .
In this work, the synergistic effect of protein (BSA) adsorption on the Pb 2+ -selective membrane together with extraction/fixation of Pb 2+ ions from the Pb 2+ -selective membrane by PBS (pH = 7.4) in the conditioning solution are investigated. The effects of BSA and PBS on Pb 2+ -ISEs are compared with the effects of BSA and PBS on K + -ISEs and Cl --ISEs.
Materials and methods

Reagents
Lead ionophore IV, potassium tetrakis(4-chlorophenyl) borate (KTpClPB), potassium tetrakis [3,5- 
Electrode preparation
Glassy carbon (GC) electrodes in a PTFE body were firstly polished using 0. A c c e p t e d M a n u s c r i p t 5 disk electrode as working electrode (WE), GC rod as counter electrode (CE) and a single junction Ag/AgCl/3M KCl reference electrode (RE). The polymerization was performed according to the procedure described elsewhere [29] . After electropolymerization, deionized water was used to rinse the prepared GC/PEDOT(PSS) or GC/PEDOT(Cl) WEs, followed by 2 h drying in air. 
Potentiometry
Potentiometric measurements were performed for unconditioned and conditioned electrodes (as further indicated mV. The impedance data were fitted to equivalent electrical circuits by using the Nova 1.7
(Metrohm) software. The investigated electrodes were solid-contact Pb 2+ -ISEs (GC/PEDOT(PSS)/ISM) that were conditioned as illustrated in Scheme 1.
Determination of Pb concentration in synthetic and environmentally resembling samples
Prior to the lead(II) determination the electrodes were used to investigate the influence of background electrolyte on the potentiometric responses of unmodified and BSA and PBS In the analysis of both sample types, firstly the two calibration standards of 10 -6 mol dm 
Results and Discussion
Potentiometric response of ISEs with and without immobilized BSA
ISMs have been found to be biocompatible with biomolecules such as proteins, which can be defined as the ability of an ISM to interact with a biological surrounding without causing an adverse change to that surrounding, e.g. blood and plasma [6, 30] . Previously, it was also found that BSA forms a monolayer on top of a PVC-based ISM (K + -ISM), changing to more hydrophilic the wettability of the membrane (BSA is more hydrophilic than the ISM) [8] . The adsorption of proteins at the ISM was found, however, to widely depend on the chemical composition of the ISM [31] . If BSA has a strong affinity towards the primary ion (containing multi-metal binding sites) [9] , its presence on the ISM is expected to influence the potentiometric response of the sensor. Fig. 1 Interestingly, previously it was found that the electronically conductive substrate used and the treatment of the electrodes have a significant contribution to conditioning/equilibration time of solid-contact ISEs based on PEDOT(PSS) and for glassy carbon-based electrodes the equilibration time was found to be between 5 to 13 min [34] . Furthermore, it was found that attachment of BSA at the ISM is irreversible [8] . Thus, the presence of the protein layer on the assumed to be uniformly distributed on the membrane and prevent further attachment of proteins on already protein-modified surfaces [35] . In this way, the transport of ions between the solution and the membrane is not affected by the adsorbed BSA but requires a local equilibration with a new heterogeneous (BSA-containing) surface. This behavior is vital considering practical applications of sensors in complex media such as blood plasma, whole blood and environmental samples [36, 37] . The model presented in Fig. 3 consists of a resistor (R (RC) ) and capacitor (C (RC) ) connected in parallel, followed by a Warburg impedance connected in series. For the second model (Fig. 4 ) the (Fig. 5 A) and in 0.01 mol dm -3 PBS without BSA (Fig. 5 B) .
The results were compared to the potentiometric response of unconditioned Pb 2+ -ISEs, where a conditioning (3 and 6 h) again gave a super-Nernstian response (Fig. 5 A) . The same trend was observed after prolonged conditioning of the Pb
2+
-ISE in 0.01 mol dm -3 PBS (without BSA) (Fig.   5 B) . However, the effect of PBS+BSA (Fig. 5 A) is more pronounced than that of PBS alone (Fig. 5 B) , indicating a synergistic effect from PBS and BSA. (Fig. 6 ).
The observed effects are transient, which means that the conditioning of the sensors in PBS buffer to precipitate Pb 2+ accumulated in the ISM and modifying the sensors surface with BSA is time-limited and only with benefit of its applicability in measurements at low analyte concentrations. Previously it was shown that ion fluxes in ion-selective membranes are a key factor for the stability of the sensor response and the detection limits of ISEs [42, 43] . Thus by controlling the ion fluxes, lowering of the detection limit is possible. In such methods, the protocol of the measurement is very strict in terms of conditioning and measurement times and concentrations of the conditioning solutions. It relies on partial depletion of the primary ion in the membrane and its outer surface, which induces fluxes of primary ion towards the membrane phase. Despite using PBS to precipitate Pb 2+ accumulated in the ISM, immobilizing BSA at the surface brings additional benefits. Namely, proteins adsorbed on the surface of PVC have charge and cation buffering capacity, which means that carrying negative charge they will attract cations A c c e p t e d M a n u s c r i p t
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(Pb 2+ in this work) present in the solution and this is why at low analyte concentration the elongation of the calibration curve for lead(II) is observed (Fig. 6.) . Additionally, the BSA is taking part in the transport of ions from the solution to the membrane but at some point of time, saturation of BSA with cations is inevitable and re-immobilization of BSA is required (timelimited measurements). For these reasons the fate of the BSA at the surface, e.g. its lifetime associated with the possible denaturation of BSA is not a major concern in this specific analytical application.
Determination of Pb concentration in synthetic and environmentally resembling samples.
The influence of background electrolyte on the potentiometric response at low analyte concentrations of unmodified and BSA and PBS modified Pb 2+ -ISEs is shown in Fig. 7 
Conclusions
Immobilization of BSA at the outer surface of the ion-selective membrane (ISM│solution 
